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A COMPARATIVE STUDY OF QUALITY IN ORANGES 
FROM LOUISIANA AND OTHER STATES• 
BY 
W. D. KIMBROUGH AND GUY NOEL P AGE 
Any study of oranges must of necessity eventually lead to a consideration of the 
factor of quality, because quality in oranges is a composi te of many factors affected by 
many conditions, as found by various workers: (11), (12) , (14) , (15), and (20). 
Quality is the factor that makes oranges either desirable or undesirable from the stand· 
P<>int of the consumer and profitable or unprofitable as far as the grower is concerned. 
Experimental studies have shown that many factors contribute to, or affect, quality 
in oranges. For instance, the relative percentages of sugar and acid, or the ratio of one 
of them to the other, determines whether a given fruit is moderately sweet, very 
sweet, or sour. Since palatability, or taste, is always an important consideration and 
since the characteristics of taste seem to depend principally on these constituents, it is 
seen that this is a very important factor . In fact , it seems to be rather generally ac-
cepted tha t qu ality in oranges depends, to a large extent, on the relative proportions in 
Which the sugars and acid occur in the juice. The texture of the fruit as a whole--
Whether the rind is thick or thin, smooth or rough, well colored or poorly colored, free 
of disease or insects, well rounded or ill shaped-is another determining factor. 
Whether an orange has little or much juice is always important. So it is evident that 
the factor of quality in oranges is rather broad in scope, and thus subject to the influ· 
ence of many conditions. 
With these facts in mind, and taking into consideration that the citrus crop of the 
United States is produced in several separate and well defined areas, under widely 
Varying environmental conditions, it seemed reasonable to believe tha t there is consid-
erable var iation in the quality of similar varieties of oranges grown in the different 
sections. This was further indica ted by the advertising media of the different sections, 
and by the fa t that Louisiana grO\ ers and those who have eaten Loui iana oranges 
have persistentl y maintained tha t these were of the highest quality. The consensus of 
Opinion was that they had the thinnest rind, the highest percentage of juice, and the 
sweetest taste of all . 
In view of these facts, and because very little work had been done in analyzing and 
Properly evaluating the quality of Lou isiana's oranges, it was felt desirable to under-
take such a study. 
Accordingly, in 1936 a series of omparative analy es of the phy ical and chemical 
Composition of oranges from the different growing ections was undertaken. In this 
Way it was hoped to determi ne any variation in quality that might be brought abou t 
through th e influence of a specific se tion and to obtain a compari on of the qu ality of 
Louisiana oranges with the quality of tho e of other tates. 
. Many factor seem to be responsible for and to affect quality in oranges and other 
Citrus fruit. These have been more or Jess exten ivel tudied and their specific effects ---• 'l'hts bulletin Is based on a master's thesis presented by the junior author. 
defined. Some of these factors are storage temperature, variety, fertilizer, and state of 
maturity. But as far as could be determined, no consideration seems to have been 
given to the possibili ty that locality, or section of production, might produce a varia· 
tion in physical and chemical composition, or quality, of similar varieties of oranges 
grown in different sections, since no experimental studies or evidence relative to this 
fact was found. 
OUTLINE OF THE PROBLEM 
In this study the principal phase of investigation was centered upon determining 
whether quality in a given type of orange is affected by locality, or general environ· 
ment. Specifically, the question to be answered was whether a variety or type of orange, 
when grown in one section, or state, had more or less acid, sugar, juice, peeling, etc., 
than when grown in another section, or state. 
To answer this question as adequately as possible, samples of oranges were obtained 
from California , Florida, Texas, and Louisiana. These samples consisted of two types, 
navel and sweet oranges, except in the case of those from California, from which state 
it was possible to obtain only the navel type. An attempt was made to get only similar 
varieties and sizes of each type. In the case of the navel oranges, onl y one variety was 
used, but the size varied slightly. With the sweet oranges, however, similar v;1rieties 
and sizes could not be obtained. 
Chemical and ph y ical analyses were made of the samples from th sc sections over. 
a period of three years. In addition, studies of the changes that might be induced by 
remaining in warm storage (65°-70° F.) for three weeks, of the effect of various sizes 
of Loui iana oranges on quality, and of the quality of the Satsuma (Citrus nobilis) 
were included in the third year's work. It was felt that these studies would not only 
more adequately an wer the question being onsidered, but wou ld serve to indica te if a 
sample from one e tion might have been at a disadvantage by having been harvc tcd 
for a considerable length of time prior to that of a sa mple from another section . in e 
size in the sampl was not in all ases exactly the same as that desi red, it was felt that 
the size test would how whether quality in reascd or de reascd as size change I. 
nothcr pha e of Lhe tudy ondu tcd was a Lastc test, in which the extracted juice 
was placed in numbered ontaincrs, the identity of whi h was unknown to those par· 
ticipating in the test. The juice was then tasted by various individuals and placed 
according to the way they liked it , or the way it appealed to them . As taste is a very 
important element of quality, the value of this determination in a counting for any 
variation resulting from local environment is apparent. 
PROCEDURE A D METHOD 
Sample of oranges from four states, California, Florida, Louisiana , and Texas, were 
used in this work. These consisted of both the sweet orange and the navel type. 
except in the case of those from California, from whi h state it was possible to obtain 
only the navel type. In 1936 Florida oranges were bought in the cw Orleans market 
and the other samples were obtained from the growing cctions. Onl y the Florida 
sweet, the Louisiana s1 eet and navel , and Lhc Te as sweet and navel were u eel in the 
work in this year. In 1937 and 1938 oranges were secur cl directly from the growing 
sections through the cooperation of the tate experiment Slation . All were commer· 
cially packed crates of oranges. 
In order that compari ons and results would be as uniform and comparable in 
character as possible, an attempt was made to obtain only similar varieties and sizes of 
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each type in these samples. In the case of the navel type, the attempt was successful 
With reference to variety, the Washington variety being used in every instance, but size 
varied slightly from the 100 size which had been selected. In three instances the near-
est size obtained was 96; in one it was 94. In 1937 and 1938 the size received from 
Texas proved to be 126; in 1936 it had been the desired 100 size. The sweet oranges 
varied considerably as to variety, and in some cases the variety was not known. Wher-
ever it could be determined, it is given. The size selected, 176, varied in but one in-
stance in 1936 and 1937, the variation being in Texas sweets, which in 1937 were of the 
126 size. In 1938, however, all three samples of the sweet orange group exhibited a 
variation from the desired 176 size, the Florida sweet being 216, Louisiana sweet 200, 
and Texas sweet 180. 
In order to include in the study as many comparisons, and thus as many factors 
contributing to quality as possible, a similar physical and chemical analysis of the 
composition of each sample from each state was made. The analytical work was based 
upon the methods of analyses of the Association of Official Agricultural Chemists (I). 
Enough oranges were used in every determination to give a representative sample. 
As soon as possible after the samples were received, the total net weight and the 
number of oranges, as well as the specific gravity of a half crate, were determined and 
recorded. Specific gravity was determined by displacement of water. 
Per cent peeling was then determined by taking a representative sample of oranges 
of each type from each state, determining the total " '.eight, peeling them as thoroughly 
as possible by hand , and then weighing the peeling and calculating it in per cent of 
total weight. 
Thickness of peeling was determined by means of calipers, measurements of the 
peeling being taken at the middle of the fruit after the fruit had been cut in half 
preparatory to extracting the juice. In 1936 measurements were made of both the 
blossom and stem ends, but the measurement in the middle was found to be the only 
one ne essary to . how differences in thickness of peel. 
In obtaining volume and per cent of juice, exactly one-fourth of a crate of each 
sample of oranges was used. These were weighed and the net weight determined and 
recorded. ln determining the volume of juice, the oranges were cut in half, the seeds 
removed, and the juice extracted by means of a juice extractor on an electric mixer. 
Care was taken to remove all of the juice possible and to avoid including any of the 
peeling. The extracted juice was collected in weighed beakers and weighed; the net 
Weight was determined and then calculated in per cent of the total weight of fruit in 
the sample. Volume was determined in cubic centimeters by measuring in liter 
cylinders. 
Acid was determined as total free acid by titratfon against tenth normal sodium 
hidroxide, ten grams of filtered juice being used as a sample. 
The specific gravity of filtered juice was determined by means of a hydrometer, and 
correction was made for temperature. 
Solids were determined by drying accurately weighed samples, which had been cov-
ered with 95 per cent alcohol, to constant weight in an electric oven at 90° C. They 
are expressed as per cent of the total weight of the fresh sample. 
Sugar was determined by both the Brix hydrometer and the Bertrand modification 
of the Munson and Walker method. Juice used in making the sugar determinations 
Was filtered through cheesecloth. 
In 1937 and 1988 a taste test was included in the experimcnL Juice was extracted 
frorn each sample of oranges to be tested and placed in numbered glass containers. 
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The identity of this juice was known only to those conducting the test. Members of the 
faculty and of the experiment station staff were then asked to taste the juice from each 
sample and to place it according to the way they liked it. Records were made of the 
resulting differences. Since a large number of the participants were from out of the 
state and since no one had any idea as to which samples were represented in the test 
nor the order in which they were represented, it may be seen that, as far as taste is 
concerned, this was a very impartial and unbiased determination of the quality of the 
juice from the various samples. 
Jn 19.37 sweet and navel oranges from Texas and navel oranges from California 
arrived too late to be included in the test; two tests, therefore, had to be conducted, the 
first including Florida sweet and navel and Louisiana sweet and navel oranges. The 
second test included Texas sweet and navel and California navel oranges. Thirty indi-
viduals participated in the first test and .32 in the second. 
In the first test is was observed that a preference was shown for navel oranges as a 
group or for sweet oranges as a group, or for either a sweet or a sour type of orange. 
So in 1938 the sweet oranges were placed in a group called "Group l " and the navel 
oranges in a distinct and separate group called "Group 2." The participants were then 
asked not only to place the individual samples in each group as they liked them, but to 
indicate a preference for one group or the other. Both sweet and navel oranges from 
Florida, Louisiana, and Texas were included in this test; California oranges arrived too 
late to be included. Fifty-three individuals participated in the test. 
A study of the effect of size on the quality of oranges was included in the work in 
1938. Four sizes of Louisiana oranges, 324, 200, 176, and 150, were used in this deter-
mination. They were analyzed in the same manner as the foregoing samples, except for 
the determinations of total and reducing sugars and variation in taste. Differences were 
studied and tabulated . 
A study was also made of the quality of the atsuma orange, all fa tors of the previ -
ous analyses except that of taste being applied to this orange. 
In addition to these phases, amples of California navel and Louisiana navel and 
sweet oranges were put in common storage, the temperature of which ranged from 
60° to 70° F., and left for three week . At the end of this time they were removed and 
analyzed to determine what changes had resulted from this treatment. Factors consid· 
ered in this analysis were: volume of juice, per cent of juice by weight, acidity, specific 
gravity of the juice, p r cent of solids in the juice, and total and reducing sugars as 
well as sugar by the Brix hydrometer. 
E "PERIME TAL RES LTS 
Variations in the physical and chemical composition of two types of oranges, sweet 
and navel, from the different e tions arc given in Tables I through 5. Comparisons 
arc made within types. h c tables all show that, in general , there was a distinct 
variation in the phy ical and chemi al factors, or quality, of oranges from the different 
growing sections. It will al o be observed that there was a seasonal flu ctuation in some 
of the factors , particularly percentages of solids in the juice, which would be expected 
from variation in seasonal rainfall . After careful con ideration, however, it will be 
seen that this wa not decisive enough to offset some of the fixed effc ts of lo al en · 
vironment. 
he data presented in Table I, for 1936, show that Florida swe t oranges were 
superior in mo t instances to Louisiana and Texas sweets, and also that the Louisiana 
sweet held approximately the same margin of superiority over the Texas sweet. As may 
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TABLE 1. VARIATIONS IN PHYSICAL AND CHEMICAL COMPOSITION OF ORANGES INDUCED BY DIFFERENT ENVIRONMENTS. 
ANALYZED DECEMBER, 1936, AND .JANUARY, 1937 
Average 
Weight P er Thickness Per Acidity Per 
of Number Specific Cent of P eeling Cent of N / 10 NaOH Specific Cent of Per Cent of 
Source, Klnd Half Crate Of Gravity of Of in mm. Volume .Juice by for 10 gm. Gravity Sugar Solids -Sugars In .Juice-
and Variety• (Net) Oranges Oranges Peeling Middle of .Juice cc. Weight of .Juice of Juice by Brix in .Juice Reducing Total 
Florida Sweet 
( nknown) 40.00 8 .947 17.48 3.69 4980 57.50 17.7 1.050 12.7 10.04 5.12 9.67 
Loi.ii iana weet 
~ (Bouquet) 3 .60 8 .934 19.3 3.30 4650 52.56 16.6 1.042 lJ.I 8.74 4.47 8.39 
T xa weet 
(Hamlin) 40.50 .907 I . 3.48 4262 46.21 12.0 l.040 10.7 8.53 3.86 7.96 
Loui iana ave I 
(Wa hington) ·10.10 ·o .951 17.90 3.90 4400 51.14 10.2 1.040 10.4 8.36 3.62 8.18 
Tex.a Navel 
(Wa hingwn) 40.75 50 .922 20.57 4.78 4020 45.43 10.0 1.040 1 J.O 9.24 3.37 8.30 
• Varieties used could not be determined In all cases. 
be observed , the specific g ravity of the Florida sweet oranges was high and this was 
reflected, not only in the. highest volume, per cent and specific gravity of juice, but 
also in a very high percentage of sugars and solids as compared to Louisiana and 
Texas sweets. In addition, when subjected to the peeling test, they yielded the lowest 
percentage of peeling, by comparison, of all of the sweets , a consistent point of supe-
riority, as seen from Tables 2 and 3. The Louisiana orange had the thinnest rinrl 
although only slightly thinner than that of the Florida orange. The Texas sweet 
orange fel\ considerably below both of the other two in speci fic gravi ty, per ent an<I 
volume of juice, and percentage of solids and suga rs in the juice. When the composi -
tion of Louisiana and Texas navels is compared, it is found that practically the same 
margin of superiority which had been manifested in the case of Louisiana and Texas 
sweets was maintained. Here it is seen that the Louisiana orange not only had the 
thinnest rind, but also had a considerably lower per cent of peeling. The specific 
gravity of the Louisiana navel was high in comparison to that of the Texas nllvel. 
There was also a decided superiority in the volume and per cent of juice in Louisiana 
navels. The Texa navel, however, had somewhat more total solids and slightly 
more sugar. 
Table 2 shows that the Florida sweet, for the second year, yielded the lowest per-
centage of peeling of all of the sweet oranges represented and also maintained the 
same relative position as to thickness of rind, being slightl y thicker than Louisiana and 
somewhat thinner than Texas sweets. Tt again exceeded Louisiana sweets, though not 
significantly, in percentages of solids and sugars in the juice. In this instance it is seen 
that, of the sweets, Louisiana oranges had the highest specifi gravity and had a very 
definite uperiority as to the amount and per ent of juice. ln omparison, the acidity 
of the Texas sweet was con iderably lower than that of th other two , whil the per 
cent of total solids and sugar somewhat ex dee! that of hoth Florida and Louisiana 
sweets. 
In r gard to the navels, it is seen that tho from alifornia had a ver thi k rind 
and therefore a very high percentage of peeling, a relatively . mall amount of jni e, :1 
high per entage of solid , and a very high , for the nnvel type, a id ontent, as com· 
pared to navels from the other se tions. Thes conditions, as will be seen in Table 3, 
arc characteri tic f the \Vashington nnvel ns grown in alifornia and undoubtedly 
result from some environmental fa tor or fa rors . s wns the ase with the Louisiana 
sweets as well as the Louisiana navel for th previou year, the Louisiana navel had 
the highest volume and per cent of juice. The Texas navel again had a high per ent 
of solids in th jui e, being on a par with the alifornia navel in this respe L. ln per 
cent of sugar it ex e cl d the navels from the other sc tions for the se ond year. 
Jn able 3, it may be seen that the Florida sweet not only maintained its advanrnge 
of th lowest per ent of p eling, but again had the grcate. t volume and high t pc~ 
ent of juice, giving it highest ranking in two years out of three in this respect. ThC 
Louisiana weet wa only slightly lower than the Florida sweet in total juice and per 
cent of juice but was mu h high r in per entage of solids and ugars in the juice, 
exceeding all thr e in Lhi in lance. 
Tn regard to the navel , it may be seen that those of California showed little clif· 
ferencc in analy is as ompar d to tho e for the previous year. The Louisiana navel. 
a in the case of the wcet, was ver high in total solid and sugars in the jui c. 
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TABLE 2. VARIATIONS IN PHYSICAL AND CHEMICAL COMPOSITION OF ORANGES INDUCED BY DIFFERENT ENVIRONMENTS. 
ANALYZED DECEMBER, 1937, AND JANUARY, 1938 
Average 
Weight Per Thickness Per Acidity Per 
of Number Specific Cent of P eeling Cent of N / 10 NaOH Specific Cent of Per Cent of 
Sour ce, Klnd H alt Crate Of Gravity of o f lnmm. Volume Juice by for 10 gm. Gravity Sugar Solids - Sugars In Juice--
and Variety (Net) Oranges Ora nges P eeli ng M iddle of Juice cc. Weight of Julee of Juice by Brix In Juice Reducing Total 
Florida weet 
(Pineapple) 4 1.50 .952 17. 0 3.5 47i0 53.7 15. 1 l.040 10.5 7.99 3.81 7.60 
Loui iana weet 
nkno1 n) 4 1.50 .96~ I .93 3.4 5310 60.5 16.0 1.040 10.4 7.66 -1.50 7.51 
ID Tex weet 
(Ham lin) 41.75 63 .936 18.3 1 4. 1 4690 51.6 10.2 I .045 I I.I .5 3.40 .30 
al iCorni, ave! 
(Wa hington) 36.50 •o . 49 29.0 1 .0 3600 ·15.o 23.6 J.045 11.4 .94 '1.56 8. 18 
Fl r ·da avcl 
(Wa hington) 39.75 -18 .937 16.92 4.2 3850 4<1.3 10.5 dHO 10.2 7.98 !UIS 7.75 
Loui iana Navel 
(\! a hington) g .75 48 .9!12 I .3 4.4 4740 56.0 10.8 1.040 10.2 7.85 3.33 7.30 
Texas Navel 
(Wa hington) 4 1.75 63 .9<15 16. 7 4.2 4630 50.9 10.2 1.045 11.4 .93 3.78 8.42 
TABLE 3. VARlATIONS IN PHYSICAL AND CHEMICAL COMPOSITION OF ORANGES INDUCED BY DIFFERENT ENVIRONMENTS. 
ANALYZED DECEMBER, 1938, AND JANUARY, 1939 
Average 
Weight Per Th ickness Per Acidity Per 
Of Number Specific Cent or Peel!ng Cent or N / 10 NaOH Spec!ftc Cent of Per Cent of 
Source, Kind H a lf Crate Of Gravity o f of lnmm. Volume Juice by for 10 gm. Gravity Sugar Solids -Sugars In Juice-
and Va riety (Net) Ora nges Ora nges Pecl!ng Middle of Juice cc. Weight of Juice of Juice by Brix In Juice Reducing Total 
Florida weet 
( nk.nown) 4 1.25 10 .934 19.43 3.5 5367 59.05 16.0 1.040 9.4 6.87 2.97 5.97 
Loni iana Sweet 
( ' nk.nown) -tl.75 100 .907 19.60 4. 1 5260 57.00 19.2 1.050 12.4 9.39 5.67 8.87 
- Texas Sweet 0 
(Pineapple) 41.i5 90 .935 20.25 4.0 5125 54.93 16.6 1.050 I 1.7 8.96 3.96 7.89 
California ave! 
(Wa hington) 33.50 50 . 8-t 27.00 6.9 3435 47.58 17.9 1.045 10.9 .30 4.15 6.82 
Florida ave! 
(Washington) 4 1.25 47 .921 17.40 4.9 4660 51.76 8.8 1.040 10.6 7.9 2.92 7.32 
Louisiana r ave! 
(Washington) 39.00 48 .940 I .19 4.6 4535 53.69 11.3 1.050 12.4 9.55 3.90 9.18 
Texas ave! 
Va hington) 41.25 63 .933 18.00 4.3 ·!920 55.08 8.4 1.050 I 1.9 9.09 3.59 8.46 
Tables 4 and 5 show that oranges from the different growing sections, or states, 
vary decidedly in quality from the standpoint of taste. The data show that a very 
decided preference was shown for the juice of Louisiana oranges in all comparisons in 
both years. The variety of the sweet oranges varied, but since the navels were all of 
the same ".ariety these results indicate that taste is directl y affected by local environ· 
mental conditions. Table 4 does not give a true picture of what might have happened 
had all the samples been judged in competition with one another, but the results in 
Table 5 should serve as an indication . In this table it is seen that there was a sligh t 
preference for Texas oranges over Florida oranges though the preference was not of a 
decisive nature. Apparently the high amount of acid in California oranges played a 
very important part in the reaction toward them. fore than two-thirds of those tast-
ing it placed it last. It was either liked or completely disliked, and accordingly placed 
first or last; there were no votes to place it in an intermediate position . 
'l'ABLE 4 . EFFECT OF DIFFERENT GROWING SECTIONS ON THE QUALITY OF ORANGES 
AS EXPRESSED BY TASTE PREFERENCE 
Number P lacing Each Navel Number Placing Number Placing 
Source, Type and Variety a nd Sweet First and Last Each Navel Each Sweet 
Flrst Last Over the Other Over the Other 
Florida aveJ• (Washington) .. . .. . 10 
Louisiana avel (Washington) . . . . 13 
Florida weet (Pineapple) . . . . . . . . . 2 
Louisiana Sweet (Unknown) . .. .. . . 5 
California 1 avelt (Washington) .. . 
Texas avel (Washington) ....... . 













Number ot Votes 






In lh• Conducted December 21 , 1937. California and Texas oranges arrived too late to be Included 
la teat. 
t Conducted January 4, 1938. 
'l'>.BLE ~. EFFECT OF DIFFERENT GROWING SECTIO S AND TYPE ON THE QUALITY 
OF ORANGES AS E XPRESSED BY TASTE PREFERE CE OF THE JUICE. 
CONDUCTED DECEMBER, 1938• 
~---------o,OURCE, TYPE ASD VARil'!TY--------~ 
Florida Louisiana Texas Florida 
Navel Navel Navel Sweet 
(Washington) (Washington) (Washington) !Unknown) 
Number placing 
each ample first 8 34 II 6 
PRl!FERENCE FOR TYPE OF 0RAN0£ 
Navel 
'Number placing each type first. .. . . . . . . . . . . . . . . . . . . . 2 












TABLE 6. VARIATIONS IN COMPOSITION OF FOUR DIFFERENT SIZES OF ORANGES. ANALYZED DECEMBER, 1938 
Average 
W eight Number Weight T hickness Acidity 
KJnd and Size Of Ha.If Oranges Of Per Cent of P eeling P er Cent N / 10 NaOR Specific Per Cent 
Bushel tor Sample Sample Peeling lnmm. Volume or Juice for 10 gm . Gravity Sugar Solids 
Mlddle Juice (cc. ) by Weight of Juice of Juice by Brix In Juice 
Loui iana weeL 324 .. . . 27 .05 60 15.03 19.7 3.2 3770 5 .2 22.9 1.050 12.0 9.20 
Loui iana weet 200 . . .. 25.14 35 13.65 19.6 4.2 3323 56.6 20.6 1.050 12.4 9.24 
Louisiana weet 176 . . . . 25.53 2 13.34 20.0 4.4 3222 55.9 18.5 J.050 12.2 9.14 
Loui iana weet 150 .... 26.00 21 13.20 18.0 .J. 3247 56.9 16.l J .045 I 1.3 8.49 
~ 
TABLE 7. THE PHYSICAL A.ND CHEMICAL COMPOSITION OF ORANGES AT THE END OF THREE WE1':KS IN COMMON STORAGE 
(65°-70° F . ) . ANALYZED JANUARY :S, 1939 
Weight Of Number Per Cent 
Acidity Specific 
N / 10 NaOR Gravity Per Cent Per Cent 
Source and Kind Orang~ Oranges Volume or J uice for 10 gm. of Filtered Suga r Solids -Sugars In Juice-
for Sample fo.r Sam ple Juice (cc. ) by Weight of Juice Juice by Brix In Juice Reducing T otal 
California Navel ... 15.50 25 3307 49.4 17.9 1.045 10.8 .55 .J.27 7.27 
Louisiana Navel ... 15.75 20 3454 51.04 11.0 1.052 12.7 JO.I 3. 0 9.53 
Loui iana Sweet ... 14.50 35 3590 57.70 17.0 1.055 12. 9.73 5.17 9.12 
Data concerning the differences in qualiLy of differenl sizes of oranges are given in 
Table 6. These show Lhat Lhere were no significanl differences in quality in sizes 
closely related, as 176-200, but a very distinct difference in sizes widely separated, as 
200-150, or 200-324. This difference was found primarily in the thickness of the skin 
~nd in Lhe acidity, there being a gradual increase in thickness of skin and a decrease 
in acidity as size increased . The very small size, 324, had a much thinner skin and a 
higher volume and per cent of juice than even the nearest size, which was 200. Jn 
contrast to some of the largest sizes it wa disti nCLl y superior in these re pects. The 
acidity was extremely high , however, and this no doubt would have lowered the quality 
from the standpoint of taste, as it is conceded by most workers that the ratio of acids 
lo sugars is very important in determining qualit •. 
When samples of California and Louisiana navels and Loui iana sweets were stored 
for three weeks in a storage room in whicJ1 the temperature ranged from 65° to 70° F. 
during the entire period , there was an increa e in both tJ1e per cent of solids and the 
per cent of sugar. There was also a slight decrea e in acidity of the Louisiana oranges. 
This may be seen by comparing Table 7 with Table 3. These results are in agreement 
With these of Colby (6), Hawkins and Magne (11), and amisch (14). 
An analysis of the composition of the atsuma orange i shown in Table 8. These 
data show that the atsuma is of a ver · high quality. Jn comparison with three years' 
resul ts with the round orange group-both the navel and sweet type-the Satsuma 
~vas exceeded in on ly two instances in per ent of solid and total sugar , and at no time 
111 per cent of redu cing ugar. Quality not on! was high immediaLely after harvest, · 
but improved after oranges had stood JO da ·s. The percentage of juice in the Satsuma 
was unsurpassed and the peeling was far thinner than Lhat of an of Lhe round oranges. 
The data presented in this paper give a er, good idea of the variation in quality 
that may be expected in similar varieties of oranges from different sections, or states. 
l n general , quality varies in relation Lo Lhe ection in which the orange are grown, 
anc1 is relalivel constant for a given eclion. For in tance, anal es for 1937 and 1938 
8~0wed thac the harac:ter of the Wa hington navel, a grown in California, was en -
tirely different when the orange wa grown in Florida, Loui iana and Texas. nder 
California conditions it invariabl developed a very thick rind, which was almost twice 
as thick as it was when the orange was grown in the other eclion . Correlated wilh 
lhis thi k rind was a high percentage of peeling. Tt also had a mall amount of juice, 
\vhich had an unusually high acid conLent and a high per en tage of solids. The ex-
ternal appearan e wa nearly p rfect. nder Iorida ondition , however, the same 
VarieLy had only slightly more than half the per entage of peeling, a rind that was just 
a little over half a Lhick, a mu ch grealer quanlit of juice, an average acid content of 
less than one-half, and a somewhat lower per cent of solid than when the variety was 
grown in alifornia. Jn appearance it was not comparable to tho e grown in Cali-
fornia, being much more variable in hape, ize, and color. In addition, ic was ()f a 
rather rusty appearan e. nder Loui iana conditions the ariation was mainly in the 
form o( an unsurpa eel flarnr of jui , though in most in t.ances the rind was thinner 
and the volume of juice greater than when the same orange was grown in any other 
sccLion. he e ternal appearance was similar to Lhat of the Florida orange. nder 
~ex~s conditions the navel oranges had I titrable acid in all three years than did 
0 rida , alifornia or T.ooi ian:i navel orang his gave a low ratio of acid to sugar 
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TABLE 8. THE PHYSICAL AN D CHEMICAL COMPOSITION OF SATSUMA ORANGES. ANALYZED OCTOBER 10 AND 20, 1938 
Time of Average Volume Acid ity Specific 
Analysis Number In Sample Thickness of Of Per Cent N / lONaOH Gravity Per Cent Per Cent 
Source and F o r Juice For P er Cent P eeling In Julee Juice tor 10 gm. of Filtered Sugar So Ilda -Sugars In Juice-
Treatment Extraction P eellng Pee Ung mm. Middle (cc.) by Weight of Juice Julee by Brlx In Juice Reducing Total 




storage . . . 50 2122 66.53 15.5 1.050 12.l 9.45 6.52 9.12 
and, as a consequence, a very sweel orange. Appearance was just about intermediate 
between California on one hand and Florida and Louisiana on the other. 
As has been seen, the sweet oranges were rather dissimilar in variely, but in spite 
of this the variation in composition, relative to sections, was almost parallel to that of 
the navel type. As was true with the Florida navel, the Florida sweet in all cases had 
the lowest percentage of peeling and, in two yean out of three, had the highest volume 
and per cent of juice. The Louisiana sweet also varied in practically the same manner 
as the Louisiana navel. In two years out of three, it had the thinnest rind , and in all 
cases the quality of juice was judged superior to that of the other sweets by those 
tasting it. As in Lhe navel, the low ratio of acids to , ugar proved to be the manner in 
'Which the Texas sweet varied. Of course, no conclusions can be drawn in this instance, 
for various workers, (3), (6), (9), and (13) , have found that the composition and 
~uality of oranges vary with variety. The similarity of the variations to those observed 
1~ the navel type where the variety was the same is rather significant , however, and the 
significance lies in the fact that even dissimilar varieties e,xhibited almost the same 
variation from section to section as was exhibited b a single variety. This fact indi-
cates that more than varietal influence was involved. 
In contrast to the factors considered above, percentages of olids and sugars varied 
considerably from year to year. This was no doubt brought about by a variation in the 
rnean annual rainfall , dry years being conducive to high percentages of solids and 
sugar and wet years causing a decline. In 1938, a very dry season in Louisia na , the 
percentages of solids and sugars in both the navel and sweet oranges in Louisiana were 
very high and exceeded those in orange grown in all other sections. 
CO CL 101 
Quality in oranges is undoubtedly affected by the se tion in which the oranges are 
grown. The variation produced i relative\ constant for a given section and variety 
and is manifested as specific effects on given factors. These effects are not the same for 
each section , because the alifornia eclion produces a very thi k- kinned orange with 
an extremely h igh a idit and a high per ent of lid ; the Louisiana se tion, an 
orange with a very thin rind and juice of superior ta te; Florida, an orange with a low 
?er cen t of peeling and high volu me and per cent of juice; and Texas, an ora nge that 
18 very sweet because of the low ratio of acid to sugar. 
Seasonal conditions, prin ipall y rainfall , temper the effects of certain fa tors , pri -
lllariJy per cent of solids and sugars in the juice . 
. Louisiana oranges, by test, surpass all othen in the flavor of the juice, or its taste 
a~peal. With very few exception Lhey ha\'e the thinn t rind, and in most cases they 
Will have as high p r entag of juice, lid , and total ugar a orange from an 
Other section . 
There is no signifi nt difference in qualit • of oranges in do el related size groups, 
as 176-200, but a de ided difference , main! in thickness of rind and acidity and per 
~nt of juice, develops as the size group widen. The mailer the ize, the thinner the 
rind and the higher the per cen t of juice and acidit . 
Satsuma ora nges are seldom ex ceded in qualit b • S\ eel or navel oranges. 
Iii 
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